SUMMARY To evaluate the oesophageal motor activity preceding episodes of reflux, 10 pathological and 10 non-pathological refluxers and 26 normal subjects were investigated. The pressure events in spontaneous short periods of pressure activity (s60 sec) and in long activity periods were registered. The last contraction before reflux was more frequently found non-propagating than the last contraction of pressure periods not followed by reflux (p<0-01). The interval from the last contraction to reflux was shortest, if the contraction terminated in, or confined to the upper part of the oesophagus (p<O-001). Increased proportion of reflux episodes were preceded by an upper segmentary contraction (p<0-05) and a short activity period (p<0-02) in patients with pathological reflux in comparison with non-pathological refluxers. Spontaneously occurring sphincter relaxations might be triggered by preceding non-propagated contractile activity. The relative number of reflux episodes preceded by non-propagated pressure activity seems to be increased in patients with frequent episodes of acid reflux, compared with patients with infrequent episodes, or with normal subjects.
Episodes of acid gastro-oesophageal reflux have been shown to occur spontaneously in normal volunteers and in patients with duodenal ulcer.'-' Duodenal ulcer patients have an increased reflux frequency and delayed acid clearance as compared with normal subjects.) In asymptomatic subjects as well as in patients with reflux disease spontaneous episodes of acid reflux occur predominantly by the mechanism of inappropriate gastro-oesophageal sphincter relaxations.' Episodes of acid reflux are frequently preceded within a short time by spontaneous oesophageal pressure activity. ' The aim of the present investigation was to evaluate the quality of spontaneous oesophageal motor activity preceding acid gastro-oesophageal reflux episodes in a patient group with a known generally increased reflux tendency, but without oesophagitis. 
Methods

STUDY POPUl ATION
The material consisted of 20 duodenal ulcer patients, who within a month of the primary diagnosis underwent 12 hours of simultaneous monitoring of pH and pressure activity in the oesophagus. They were drawn from a population of duodenal ulcer patients referred for evaluation of acid gastro-oesophageal reflux. Patients with endoscopically proven oesophagitis were excluded. Two groups of 10 consecutive patients were selected to serve the purpose of the present study. Group one consisted of 10 patients with pathological acid gastro-oesophageal reflux (pH<4 during more than 2-4% of the recording period), and group two comprised 10 patients without pathological acid gastro-oesophageal reflux. The two groups consisted of nine men and one woman, median age 58 and 37 years (range, 20-67 and 21-58 years), respectively. For The recorded pressure activity was divided into periods of contractile activity lasting -60 sec (short activity periods) and periods with pressure activity greater than 60 sec. Contractions occurring within 30 sec of the preceding contraction were included in the same period. The end of a period of pressure activity was defined as a period of more than 30 sec without any further pressure activity.7 Motor activity was defined as related to a reflux episode, if the time from the last contraction to the sudden fall in pH was less than 30 sec.79 An example of a short activity period related to an episode of reflux is shown in Figure 1 contractions were counted irrespective of the length of the activity period or its relation to reflux. The type and velocity of the last contraction in short activity periods and of the last contractions before reflux were registered. The interval between a reflux episode and the pressure amplitude of a preceding contraction (if <30 sec) was also measured. STATISTICAL 
ANAL.YSIS
As a measure of quality the relative occurrence of the different types of contractile activity were used, assuming that this would at least fulfil the requirements for an ordinal scale. No tests requiring stronger assumptions were used and no assumptions were made regarding the distribution of the material. The Pratt's test was used in cases of two related samples. The Kruscal-Wallis and Friedmans nonparametric analysis of variances were used in cases of more than two independent or related samples, respectively. The Pratt's test and Friedmans test were used to test for interaction, which was considered present when the different groups made different contributions to the results when moving from one circumstance to another. For evaluation of correlation, the Spearmans rank correlation coefficient was calculated. In order to reduce the risk of committing errors of the first kind, a combination of values for the patient groups in cases of related samples and a combination of values for different circumstances in cases of independent samples were tested first, and exclusively in cases of significance, a multiple comparison procedure was carried out.", p Values less than 0-05 were considered significant. inr'el(iate(l to r/efli(t (11) pH (totaliiI) The contraction frequency was greater during short activity periods preceding reflux than during long activity periods before reflux or any type of period unrelated to reflux (p<000l) irrespective of subject group. The last contraction of a short activity period without reflux was more likely to be progressive than the pressure activity within the rest of the period (p<O()()I regardless of subject group (Fig. 5) .
Relatively more reflux episodes followed pressure periods terminated by an upper segmentary contraction in patients with pathological reflux as compared with the two groups without pathological reflux (p<0).05). In addition, a relatively higher number of reflux episodes were preceded by a short activity period in patients with pathological reflux as compared with non-pathological refluxers (p<0.02) (Fig. 6 ).
Discussion
In normal subjects a decreased resting pressure in the gastro-oesophageal sphincter has been shown to play a minimal role in the production of gastrooesophageal reflux episodes. Dent et al' found this factor responsible in less than 2% of reflux episodes in healthy subjects. In patients with reflux induced oesophagitis pressure. Most of the spontaneously occurring retlux episodes recorded in normal subjects iiaid patients with gastro-oesophageal reflux disease occurred during inappropriated relaxation of the gastrooesophageal sphincter-that is, sphincter relaxaitionl not triggered by the passage of a bolus.' Sphlinicter relax,ation and reflux are frequenitly preceded by peristaltic activity.,-' blIut proportioni of the conltractions preceding reflux are not propagatintg peristalsis elicited by swallowing.'' These observations suggest that reflux may result from la sphlinicter relaxation triggered by a non-propagating peristaltic contraction or insufficiently bolus trainsporting propagating peristailsis. Acid reflux during the night is probably the most important factor in the development of reflux changes in the oesophagus.' '" Acid clearance both in normial subjects and in patients with reflux disease is prolonged durinig the night. the preceding periods of pressure activity. By positioning one catheter in the upper portion of the oesophagus 23 cm proximally to the gastrooesophageal sphincter contractions elicited by a swallow, but not conducted to the lower oesophagus, could be recorded. The concept of a relationship between nonpropagating pressure activity and sphincter inhibition is supported by the finding in this study of a frequent change in the termination of short periods of activity, when occurring before reflux compared with short activity periods unrelated to reflux. This increase in non-propagated activity could also be observed when the last contraction before reflux occurred other than in short periods of pressure activity. An increased contraction frequency during short activity periods before reflux suggests that a cluster of ineffective contractions terminating in a non-propagated contraction wave might cause sphincter relaxation. Short activity periods showed an increased content of non-propagated waves but when they were not followed by an episode of reflux, such bursts were more likely to terminate in a propagated contraction. Under these circumstances relaxation of the sphincter would be followed by bolus clearing peristalsis and closure of the sphincter.
In our study, short periods of activity were more frequent before reflux than long activity periods or single contractions. Reflux during long periods of pressure activity were not preceded by an increased frequency of pressure waves. In these cases sphincter inhibition may have been by another mechanism, especially when the last preceding contractions were propulsive. On the other hand reflux preceded by propagating peristalsis might in some cases occur by the above mentioned mechanism, as the bolus transporting efficiency of propagating peristalsis was not measured. This is in accordance with Dent et al' who found that when reflux occurred after propagating peristalsis the sphincter shortly recovered its tone before an inappropriate relaxation resulted in reflux. In contrast, when reflux occurred in relation to a failed peristaltic sequence, it followed shortly after swallowing. In the present material about one third of the recorded reflux episodes were preceded by a propagating peristaltic wave, which is in accordance with the findings by others. ' 2 In patients with pathological reflux, a greater proportion of reflux episodes were preceded by an upper segmentary contraction and a short activity period, as compared with subjects without pathological reflux. In addition, a change in the quality of the last contraction could be measured more frequently in this patient group when comparing periods of pressure activity related to and unrelated to reflux. These findings are consistent with previous observations in patients with reflux oesophagitis.'
It is concluded that in subjects with or without pathological acid gastro-oesophageal reflux, a part of the spontaneously occurring sphincter relaxations producing episodes of acid gastro-oesophageal reflux might be triggered by preceding non-propagating pressure activity. The relative number of reflux episodes preceded by non-propagating pressure activity seems to be increased in patients with frequent episodes of acid reflux as compared with patients with infrequent reflux episodes or normal subjects. 
